In the numerous and detailed electron microscopic studies on cerebral edema, little attention has been directed to the mitochondrial features. Although mitochondrial alterations in the various types of cerebral edema have been described by some investigators (NIESSING and VOGELL, 1960; KOIZUMI, 1964; OKADA, 1965) , details of the mitochondrial ultrastructures both in astrocytes and nerve cells have not been
described as yet. This paper deals with the fine structural changes in the mitochondria, not only in astrocytes but also in nerve cells, in experimental cerebral edema and dehydration.
Materials and Methods
The subjects used in this study were twelve male rabbits weighing from 3.0 to 3.5kg, six of the animals being used as controls. In three rabbits cerebral edema was produced two hrs after an intravenous injection of 50cc of distilled water per 1.0kg body weight (classic method of WEED, 1923) . In three other rabbits cerebral dehydration was produced one hour after an intravenous injection of 30% urea solution (3.0g of urea per 1.0kg body weight).
Each experimental and control animal was perfused through the ascending aorta (PALAY, et al., 1962) with Ringer solution, followed by 4% formaldehyde buffered with phosphate at pH 7.4 (MILLONIG, 1961) . Blocks of tissues obtained from the cerebral cortices of the experimental and control animals were postfixed in fresh, cold 1% phosphate-buffered osmium tetroxide solution (MILLONIG, 1961) for two hours. After complete dehydration in ascending concentrations of ethanol, the tissue blocks were embedded in Epon 812 (LUFT, 1961) . After polymerization, ultrathin sections were made with a glass knife on a Porter-Blum MT-1 microtome. The sections were mounted on collodion-coated copper grids, and were stained with lead citrate (REYN-OLDS, 1963) . These sections were examined with a Hitachi HS-7 electron microscope.
Semi-thin sections for light microscopy were also cut from the same blocks of these materials and were stained with toluidine blue for histological studies.
Observations
Light microscopy
In the semi-thin section from the Epon-Block of the edematous cerebral cortex (Fig. 1) cytoplasmic matrix which seems to be watery and pale (Fig. 3) . On the contrary, in the dehydrated cerebral cortex, astrocytic cytoplasm and its processes are completely shrunken and can not be recognized. Thus, the neuropil has a compact dense appearance (Fig. 4) .
In (KOIZUMI, 1964; OKADA, 1965; LEE and BAKAY, 1966) . However, these investigators did not mention the structural differences between swollen astrocytic mitochondria and neuronal ones. One of the impressive findings in the present study is a fine structural difference between astrocytic mitochondria and neuronal ones in cerebral edema.
In the dehydrated cortical tissue, both astrocytic and neuronal (Fig. 7, 8 (TAKAGI, 1959; DEROBERTIS et al., 1960; TAKAGI, 1964) . DE ROBERTIS et al. (1960) Figure 7 . N nucleus. metabolic disturbance of the nerve cell resulting from the intracellular edema (NIESS-ING and VOGELL, 1960; HERZOG et al., 1965) of the astrocyte which is considered to be the blood-brain pathway (SCHMITT, 1967) (Fig. 9) . From the present study, it is assumed that the metabolic state of nerve cells is influenced directly by the functional or metabolic condition of the astrocyte. It may also be considered that mitochondria are rather labile structures, among the intracellular organelles, that can be easily altered by the metabolic disturbance of the cerebral edema. LUSE and HARRIS (1961) demonstrated that the oligodendroglial cytoplasm was shrunken following hypertonic sucrose, dextrose, urea or sorbitol solution administration. But nothing was reported on the ultrastructural features of mitochondria in their report. MIZUTA (1968) reported that degenerated mitochondria occurred in the nerve cell of the cerebral cortex in the experimental dehydration of the newborn rat. However, that dehydration was caused by starvation of the rat and is considered to differ pathologically from the cerebral dehydration that we produced with the intravenous injection of hypertonic urea solution. As to the cerebral dehydration in the present experiment, the mitochondria in the astrocytes and those in the nerve cells are both shrunken but not degenerated, their matrices becoming extremely dense. These changes of the mitochondria might be characteristic of the cerebral dehydration induced by the administration of hypertonic urea solution. From these findings, we judge that the mitochondria in astrocytes as well as in nerve cells are labile and sensitive to the changes of water metabolism in the brain. Mitochondrial changes in the experimental cerebral edema and dehydration of the rabbit were observed with the electron microscope. Cerebral edema was produced in three animals by the Weed's method, the intravenous injection of distilled water (50cc/kg).
Cerebral dehydration was produced in three animals by the intravenous injection of 30% urea solution (3.0g of urea/kg).
In the cerebral edema the mitochondria in astrocytes and those in nerve cells showed different fine-structural changes.
In the enlarged pale astrocytic cytoplasm and the cytoplasmic processes, most mitochondria were swollen round or ellipsoidal. The mitochondrial matrix was extremely swollen, electron-lucent and homogeneous, and the cristae were irregular in their arrangement.
The swelling of the astrocytic mitochondria is probably due to the ambient hypotonicity in the cytoplasm of astrocytes swollen in cerebral edema.
Although the nerve cells themselves in cerebral edema were not enlarged, their mitochondria were swollen into irregular shapes and their matrix was partially pale and not homogeneous.
These mitochondrial alterations of nerve cells in cerebral edema seemed to show a degenerative process in the nerve cell secondarily caused by the intracellular edema of the astrocyte. 
